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LONG-TERM GOALS

Ourgoalis to developmethodologiesfor determiningbathymetryin thenearshorezone,usingvarious
typesof remotelysensedimagesof wavesasinput. Thesemethodsobviatetheneedfor direct
measurementsin thefield, which canbebothcostlyandhazardous.We areparticularlyinterestedin
thesurf zone,wherelinearwave theoryprovidesapoordescriptionof thebehaviour of individual
wavecrests.An ancillarygoalis to improvethecurrentBoussinesqmodel,suchthatit providesthe
necessaryinputswith appropriateaccuracy.

OBJECTIVES

Theobjectivesof theprojectareto:

1. Developasyntheticdataset,basedonBoussinesqwavemodelpredictions,representinga
numberof casesof wavespropagatingovercharacteristicnearshorebathymetries.

2. Comparemodelresultsto availableField ResearchFacility (FRF)field data.

3. Studythefeasibility of solvingtheinverseproblemfor bathymetryfrom measuredsurfacedata,
usingaBoussinesqwavemodelto determinewavephasespeedsandwave-inducedheightand
velocity fields.

4. Improve theapplicabilityandperformanceof nearshoreBoussinesqwaveandcurrentmodels.

APPROACH

A two-prongedapproachhasbeentakentowardthegoalof inferringnearshorepropertiesusing
hydrodynamicmodelsandremotelysensedmeasurements.Thefirst directionlooksto improveour
representationof nearshorehydrodynamics,while thesecondusesthesemodelsto interpretremotely
sensedimagesof thenearshore.

As anexampleof thefirst approach,wehave improvedpredictionof waveheightfor shoalingwaves
in thenearshore(Kennedyet al., 2000c).This wasaccomplishedby generalisingprevious

1

mailto:kirby@udel.edu
mailto:rad@udel.edu
http://www.coastal.udel.edu


formulationsof theBoussinesqwavetheoryto exploit degreesof freedomthathadnotpreviouslybeen
utilised.Thenew formulationhasasignificantlyimprovedshoalingrange,with no drawbacks.An
exampleof thesecondapproachis thatof Misra et al. (2000),wherea quasi-frozenassumptionwas
usedwith Boussinesqequationsin orderto infer waterdepthsfrom two time-laggedimagesof the
watersurface.Togetherthesetwin approacheshave led to significantimprovementsin our capabilties
to predictnearshorehydrodynamicsandto usethis to infer waterdepths.

WORK COMPLETED

Therehavebeennumerousrecentresultsimproving our basicrepresentationof nearshore
hydrodynamicsusingBoussinesqequations.Someof theearliercompletedwork gaveusthe
capabilityto predictawide varietyof phenomenaincludingwaveshoaling,breaking,setup,runupand
wave-inducedcurrents(Kennedyet al., 2000a;Chenet al., 2000a).This improvementof the
Boussinesqmodelfrom apurewave transformationtool to a comprehensivenearshorehydrodynamics
modelrepresentsasignificantadvance.Wenow have thecapabilityto representaverywide varietyof
nonlinearnearshorephenomenasuchasunsteadyrip currentsandlongshorecurrentswith good
accuracy (e.g.Chenet al., 1999,2000b).

More recentwork hasconcentratedon improving thebasicaccuracy of theBoussinesqformulations
used.Theextensionsof Kennedyet al. (2000b)gavesignificantimprovementsin therepresentationof
nonlinearwaveswith no significantcomplications.Similarly, Kennedyet al. (2000c)gaveawide
varietyof improvements,from improvedshoalingin intermediatedepthsto increasedaccuracy in
representingwavespeedsin relatively deepwater. Thispaperalsodetailedsomesimplifiedhigher
orderequations,which cangivesomehigherorderaccuracy, but only show lowerorderterms(also
Kennedyet al. 2000d).Someof thesechangeshavebeenimplementedin aparallelversionof
FUNWAVE written in High PerformanceFortran.A differentapproachhasled to theimproved
representationof verticalvorticity in themodelequations(Chenet al., 2000b,Gobbiet al., 2000).
Thesehavebeenimplemented,andprovide improvementsoverolderformulations.Representationof
nearshorehydrodynamicsusingBoussinesqequationsis improving steadily.

Comparisonswith field andlaboratorydatashow agoodrepresentationof nearshorewaveheightand
wave-inducedcross-shoreandlongshorecurrents(Chenet al., 1999,2000b,2001).In its present
form, themodelis now capableof predictingwaveheights,directions,nonlinearinteractions,
breaking,runup,andwave-inducedcurrentswith reasonableaccuracy. Unsteadyprocessesare
particularlywell describedcomparedto otherwave transformationmodels.

Inversionmodelshavebeendevelopedfor radardatathathadpreviouslybeenassumedto beavailable.
TheseincludeDalrympleet al. (1998),which lookedatseveraldifferentlinearinversionmethods.
UsingaBoussinesqmodel,Kennedyet al. (2000b)developedamethodto find waterdepthsusingtwo
laggedsnapshotsof watersurfaceelevationsandvelocities.Misra et al. (2000)useda “quasi-frozen”
assumptionto arriveat asimplertechniquethatrequiredsnapshotsof eithersurfacevelocitiesor
elevation.All of theseweretestedusingsyntheticdata,asfield datawasunavailable.This lackof data
hasled usto discontinuework on radar-basedinversions.

Wearenow usingvideo-basedinversiontechniques,inferring nearshorebathymetries(andindirectly
nearshorehydrodynamics)by matchingwavephasespeedsandbreakingpatterns.Figures- show
preliminarywork (Kennedyet al., 1999)usingdatasuppliedby RobHolmanof OregonState
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Figure 1: Computedinstantaneouswater surface(a); Wave-averagedcurrent vectors(b); measured
andcomputed

�������
(c); computedandmeasuredmeanlongshorecurrent (d) during DELILAH at

Duck, NC.

University, showing thatthis approachcangivedetailedestimatesof bathymetry, particularlyin the
surf zonewhereothervideo-basedmethodsexperienceproblems.It alsoprovidesthemeansof
resolvingadepthvs. currentambiguitywhich appearsin mostotherinversionmethods.However, due
to therelatively lateswitchfrom radarto video,it hasbecomeapparentthatthis taskwill not be
completedby theendof theproject.Thishasalsopreventeduseof JohnDugan’sAROSSdata.Efforts
arenow underway to secureadditionalfundingfrom othersources.

RESULTS

An extendedBoussinesqmodelhasbeendocumentedandreleasedby ourcenterfor generaluseby the
nearshoremodellingcommunity. Both sourcecodeandusersmanualarefreelyavailablefrom the
Centerfor AppliedCoastalResearchthroughasoftwaresupportpageat
http://chinacat.coastal.udel.edu/kirby/programs/.FUNWAVE hasbegunto beadoptedby numerous
externalusers.

Severaldepthinversionschemeshavebeendevelopedandpublished.Theseindicatethat,given
reasonabledata,depthinversionis indeedpossibleusingcurrenttechnology. While bestresultsneed
estimatesof surfaceelevationsandvelocities,it is possibleto producereasonableestimateswith less
completedatasets.However, thedatamustbebothreasonableandavailable.

IMPACT/APPLICATIONS

3



650 700 750 800 850 900 950 1000 1050
90

100

110

120

130

140

150

160

170

180

190

200

Longshore distance (m)

C
ro

ss
 s

ho
re

 D
is

ta
nc

e 
(m

)

Figure 2: Estimated( - - ) andmeasured( – ) wavebreakingpatternsfor final iteratedbathymetry.

FUNWAVE providesthenearshorecommunitywith awavemodelthatalsopredictswave-induced
currentsandinstabilities.TheBoussinesqapproachis expectedto beviablefor many yearsto come,
andwill provideestimatesof nearshorehydrodynamicswith ever-increasingaccuracy. FUNWAVE is
beingusedin theNOPPNearshoreCommunityModelprojectasameansfor creatingphaseresolved
timeseriesof nearshorewaveheightsandvelocities.Thesearebeingusedto drivesimulationsof
sedimenttransportandto aid in theparameterizationof variousprocessesin wave-averagedmodels.

Depthinversionschemesallow theremotedeterminationof bathymetry, which is of interestin both
military andcivilian applications.
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Figure 3: Estimated �	��
��� andmeasured�	�� bathymetriccrosssectionsat Duck, NC.
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